T he replacement of multiple missing teeth with dental implants is a predictable, well-documented treatment modality both for completely and for partially edentulous patients. Osseointegration, which is defined as the direct and stable anchorage of an implant by the formation of bony tissue, without growth of fibrous tissue at the bone-implant interface, leads to dental implant stability. 1 The initial implant protocol of Branemark was discussed by Szmukler-Moncler who thought that the proposed waiting time of 3 to 6 months lacked a scientific basis.
2, 3 However, there are many reports about mediumand long-term success rates of 88% to 97% for the immediate loading of implants. 4, 5 Toward the end of the 1970s, Uribe published the first study on immediate loading. 6 Occlusal functional restoration at an immediate or an early stage plays an important role for improving the quality of life. Regarding the effect of splinting implant restorations, Guichet et al reported that splinted restorations exhibit better load-sharing than nonsplinted restorations. 7 Furthermore, Grossmann et al recently reviewed the literature concerning the need to splint implants together when restoring them using a provisional restoration immediately after implant placement. 8 Much attention has been focused on the immediate or early loading of implants with or without splinting. The purpose of this study was to evaluate the contact rate between bones and implants, with or without implant splinting.
MATERIALS AND METHODS

Animals
Three 2-year-old female beagle dogs were used in this study. The animals were fed water and food kneaded with water, and were housed in a room with a 12:12-hour light-dark cycle. They were acclimatized for 1 month before use. This study protocol was used in accordance with the Principles of Laboratory Animal Care (NIH publication no. 86-23, revised 1985) and relevant national laws.
Operation
Under general anesthesia with Nembutal, the first, second, and third premolars, and the first molars on the right and left mandibles were extracted 4 months before implantation. After healing of extracted pockets, bite resin plates for maxilla were manufactured using plaster models. Under general anesthesia with Nembutal and 2 mL local anesthesia with lidocaine (with 1/80,000 epinephrine) to the operative areas, pealing of the mucosa and periosteum was carried out. The bone surface was then exposed and smoothed with a 3-mm rounded burr. An 8-mm-deep cavity for each dental implant was drilled by means of dedicated burrs of 2.2, 2.8, and 3.3 mm diameter, cooled with phosphate-buffered saline. Roughsurfaced, cylindrical screw implants (International Team for Implantology [ITI] monotype implants 4 mm diameter and 8 mm long; Straumann, Basel, Switzerland) were then placed. After implantation, gold caps with splinting for the right side and without splinting for the left side were set with an eluting agent. The resin plate of maxilla was adjusted to attach to the gold caps in each mandible. After the operation, the implants and tissues around the implants were washed with chlorhexidine 3 times a week.
Animals were killed under general anesthesia with Nembutal, and mandibular segments were retrieved and fixed immediately in 10% buffered Formalin at 4, 8, or 12 weeks after the implantation. Specimens were embedded in methylmethacrylate, and uncalcified thick sections (thickness approximately 50 m) of the embedded specimens were cut with a diamond-edged blade in a rotating saw (Leitz, Stuttgart, Germany). Sections were stained using toluidine blue and fuchsin.
Specimens were observed with a microscope and images were scanned digitally for analysis with Scion Image (ver 4.0, Scion Corp., Frederick, MD). Morphometric analysis was performed to measure the rate of bone-implant contact and the quantity of boneimplant contact according to the following formulae: For statistical analysis, the data were compared with analysis of variance (P Ͻ 0.05).
RESULTS
Morphological Observations
Existing bone was observed as a pale staining area, but newly formed bone stained chromophilic (Fig. 1) . Implants contacted the bone at the cortical bone in both the splinted and the unsplinted groups with pale staining. In spongy bone areas, existing and new bones were observed to integrate with the implant. The quantity of bone contacting the implant was larger in the splinted group than in the unsplinted group. Furthermore, new bone in the splinted group was larger in quantity than in the unsplinted group. Figure 2 shows the ratios of boneimplant contact. The ratio of boneimplant contact at the cortical bone on the buccal side in the splinted group was 92.9 Ϯ 6.1% at 4 weeks, 80.0 Ϯ 18.0% at 8 weeks, and 92.3 Ϯ 6.2% at 12 weeks, and in the unsplinted group was 75.8 Ϯ 30.3% at 4 weeks, 90.4 Ϯ 13.6% at 8 weeks, and 91.7 Ϯ 9.0% at 12 weeks after the operation. The ratio at the cortical bone on the lingual side in the splinted group was 86.9 Ϯ 7.4% at 4 weeks, 71.3 Ϯ 42.3% at 8 weeks, and 87.2 Ϯ 11.0% at 12 weeks, and in the unsplinted group was 80.1 Ϯ 18.8% at 4 weeks, 91.0 Ϯ 18.0% at 8 weeks, and 94.1 Ϯ 10.3% at 12 weeks after the operation. The ratio at the spongy bone on the buccal side in the splinted group was 61.6 Ϯ 18.9% at 4 weeks, 54.3 Ϯ 12.5% at 8 weeks, and 14.7 Ϯ 4.3% at 12 weeks, and in the unsplinted group was 22.7 Ϯ 17.5% at 4 weeks, 42.0 Ϯ 29.3% at 8 weeks, and 8.8 Ϯ 6.6% at 12 weeks after the operation. The ratios on the lingual side in the splinted group was 77.5 Ϯ 15.0% at 4 weeks, 65.8 Ϯ 32.6% at 8 weeks, and 57.1 Ϯ 10.3% at 12 weeks, and in the unsplinted group was 51.2 Ϯ 33.0% at 4 weeks, 44.7 Ϯ 13.0% at 8 weeks, and 35.8 Ϯ 17.4% at 12 weeks after the operation. The ratio of bone-implant contact in the cortical bone at all experimental periods was significantly higher than in the spongy bone area (P Ͻ 0.05). The ratio of bone-implant contact at the cortical bone in all experimental periods were higher than at the spongy bone. The ratios of bone-implant contact on the lingual side were higher than on the buccal side, and the ratio in the splinted group were also higher than in the unsplinted group. Figure 3 shows the ratio of new bone-implant contact. The ratio of new bone-implant contact at the cortical bone on the buccal side in the splinted group was 2.8 Ϯ 0.5% at 4 weeks, 5.1 Ϯ 2.9% at 8 weeks, and 4.0 Ϯ 1.0% at 12 weeks, and in the unsplinted group was 3.1 Ϯ 0.6% at 4 weeks, 18.9 Ϯ 25.8% at 8 weeks, and 6.8 Ϯ 3.4% at 12 weeks after the operation. The ratio at the cortical bone on the lingual side in the splinted group was 2.0 Ϯ 0.5% at 4 weeks, 5.9 Ϯ 4.9% at 8 weeks, and 7.4 Ϯ 4.3% at 12 weeks, and in the unsplinted group was 3.3 Ϯ 1.1% at 4 weeks, 6.7 Ϯ 1.8% at 8 weeks, and 8.1 Ϯ 5.0% at 12 weeks after the operation. The ratios of new bone at the spongy bone on the buccal side in the splinted group was 3.9 Ϯ 1.7% at 4 weeks, 2.6 Ϯ 1.4% at 8 weeks, and 1.3 Ϯ 0.4% at 12 weeks, and in the unsplinted group was 1.0 Ϯ 0.7% at 4 weeks, 3.2 Ϯ 1.6% at 8 weeks, and 0.7 Ϯ 0.4% at 12 weeks after the operation. The ratio at the spongy bone on the lingual side in the splinted group was 4.3 Ϯ 1.5% at 4 weeks, 3.1 Ϯ 2.3% at 8 weeks, and 3.0 Ϯ 0.4% at 12 weeks, and in the unsplinted group was 3.4 Ϯ 1.4% at 4 weeks, 3.7 Ϯ 2.7% at 8 weeks, and 2.5 Ϯ 0.8% at 12 weeks after the operation. The ratios of new bone at the spongy bone on the buccal side in the splinted group at 4 weeks was significantly higher than in the unsplinted group (P Ͻ 0.05). The ratio of new bone at the cortical bone was upregulated at 8 and 12 weeks compared with the spongy bone. The ratio of new bone was not significantly different between the splinted group and the unsplinted group, except in the spongy bone at 4 weeks.
Quantitative Analysis
DISCUSSION
The high success rate of dental implants has changed the quality of life for many patients. Implant success depends on implant osseointegration, so that primary implant stability is requested by mechanical fixation of implants. However, a biological anchorage is necessary to achieve final osseointegration during implant healing. Implants inserted in sites with poor bone quality have been associated with lower success rates. 9 Although the initial implant protocol proposed a waiting time of 3 to 6 months, it lacked a scientific basis, 2 and many recent reports have shown that immediate or early loading stabilizes the dental implant for osseointegration to take place. 9 -18 Romanos mentioned that bone cells migrate onto the implant surface and establish a stable anchorage on the surface. 19 Immediate or early loading may lead to dental implant success, and the splinting of implants affects the boneimplant contact ratio. There are some articles evaluating the splinting of implants. 7, 8 Studies have noted that the objectives of splinting implant crowns together are to favorably distribute the applied forces between the implants, to minimize the transfer of horizontal loads to the bone-implant interface, and to increase the bone surface area. 8, 20 Nkenke et al reported the effects of immediate loading in an in vivo experiment, and showed that immediate loading does not affect the bone mineral apposition rate compared with unloaded implants, and that rigid splinting opposes to be the crucial factor for implant success. 21 Furthermore, those results indicated that the rate of bone-implant contact in an immediately loaded implant was the same as an unloaded implant. Thus, it is important to determine the tissue reaction, with or without splinting, under immediate loading.
The characteristic of an ITI monotype implant is a sand-blasted, largegrit, acid-etched treatment surface, which is known to facilitate osseointegration of the implant to the bone. Bergkvist et al observed that the ITI sand-blasted, large-grid, acid-etched (SLA) solid-screw implants immediately loaded, and the supporting fixed prostheses had successful survival rates. 22 Implant restorations have been splinted with fixed prostheses for examples that differ from indications used for splinting teeth. Whereas splinting provides stability to mobile teeth, implants are nonmobile. Therefore, splinting implant crowns together favorably distributes the applied forces between the implants. This minimizes the transfer of horizontal loads to the bone-implant interface and increases the bone surface area. 20 Our study also had similar findings. These results suggest that splinting of immediately loaded dental implants makes the distribution of occlusal forces adequate. The analysis of bone-implant contact has been used to evaluate osseointegration.
In this study, the ratios of boneimplant contact at the cortical bone area were higher than at the spongy bone area, and the ratios in the splinted group in the spongy bone area were similar to the ratios in the cortical bone area. This means that splinting dental implants affects the bone-implant contact in spongy bone. In other words, splinting distributes the occlusal force to the bone through the dental implant.
CONCLUSION
Osseointegration plays an important role in dental implant success, so that primary implant stability is required by means of the mechanical fixation of implants. Recently, splinting immediately loaded dental implants have gotten a lot of attention, but there are few reports with regards to basic experiments. This article demonstrated that splinting of immediateloaded dental implants can be a positive factor for osseointegration, particularly in spongy bone.
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All authors claim to have no financial interest in any company or any of the products mentioned in this article. contacto entre el hueso y el implante cuando se entablillan implantes dentales cargados inmediatamente ABSTRACTO: Propósito: Mucha atención se ha concentrado en la carga inmediata o precoz de implantes con o sin entablillado. El propósito de este estudio fue evaluar la cantidad de contacto entre los huesos e implantes, con o sin entablillado. Materiales y Métodos: Bajo anestesia general, se perforó una cavidad con 8 mm de profundidad para un implante dental en la cresta mandibular de perros cuyos dientes se habían extraído cuatro meses antes. Implantes con tornillos cilíndricos y superficies ásperas (implantes monotipo ITI de 4 mm de diámetro y 8 mm de largo, Straumann, Basilea, Suiza) se colocaron con entablillado en el costado derecho y sin entablillado en el costado izquierdo usando un poste de oro. Las placas de resina para el maxilar se ajustaron para conectar el poste de oro a cada mandíbula. A las 4, 8 y 12 semanas luego de la colocación, se mancharon muestras usando toluidina azul y fucsina. Las secciones se observaron y se realizó un análisis morfométrico para medir la cantidad de contacto entre el hueso y el implante y el contacto entre el implante y el hueso nuevo. Resultados: Las cantidades de contacto entre el hueso y el implante en el costado lingual fueron más altas que en costado bucal en ambos grupos, con y sin entablillado y la cantidad de los grupos con tablillas fueron también más altas que en el grupo sin entablillado. La cantidad de contacto entre el implante y el hueso nuevo no fueron significativamente diferentes entre los grupos con y sin entablillado, excepto por el hueso esponjoso a las 4 semanas. Conclusión: El entablillado de implantes dentales cargados inmediatamente puede ser adecuado para la oseointegración, particularmente en hueso esponjoso. Sob anestesia geral, uma cavidade com 8 mm de profundidade para um implante dentário foi perfurada no rebordo mandibular de cães onde os dentes tinham sido extraídos 4 meses antes. Implantes aparafusados, cilíndricos e de superfície rugosa (implantes monotipo ITI com 4 mm de diâmetro e 8 mm de extensão, Straumann, Basel, Suíça) foram colocados com esplintagem no lado direito e sem esplintagem no lado esquerdo usando suporte de ouro. Placas de resina para a maxila foram ajustadas para se prenderem ao suporte de ouro em cada mandíbula. Em 4, 8 ou 12 semanas após o implante, espécimes foram manchados usando azul de toluidina e fúcsia. As seções foram observadas e foi realizada análise morfométrica para medir as taxas de contato ossoimplante e novo contato osso-implante. Resultados: As proporções de contato osso-implante no lado lingual foram mais altas do que no lado bucal tanto nos grupos esplintados quantos nos não-esplintados, e as taxas nos grupos esplintados também foram mais altas do que no grupo não-esplintado. As proporções de novo contato osso-implante não foram significativamente diferentes entre os grupos esplintados e os não-esplintados, exceto por um osso poroso em 4 semanas. Conclusão: A esplintagem de implantes dentários de carga imediata pode ser adequada para a osseointegração, particularmente em osso poroso. 
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